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The strength duration test was first used
for clinical purposes by Adrian (1916), and
later developed by Ritchie (1944). The clas-
sical galvanic w faradic test, first used about
1859 by Baierlacher (Licht, 1961), was con..
sidered by Hickock in 1961 to be the most
commonly used electro-diagnostic procedure.
Today this test has been almost completely
superseded by the strength duration test.
Two types of apparatus may be used for this
test:
Constant voltage stimulator: The intensity
is measured in volts; the apparatus hav..
ing a low output impedence (500 ohms
or less).
Constant current stimulator: The intensity
is measured in milliamperes; the output
impedence being high (100,000 ohms or
more).
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FIGURE 1
Curve of normal innervation.
The response of muscle to electrical stimu-
lation of muscle or nerve depends upon three
variable excitation factors: (i) strength of
stimulus; (ii) period of time for which the
stimulus flows; and (iii) rate of change in
strength. In strength duration testing the
stimulus consists of rectangular impulses of
interrupted direct current, varying in strength
and duration. Using single impulses of differ-
ing durations (varying from 300 to 0.01 milli..
second), the minimal strength of stimulus re·
quired to produce a just detectable contraction
is determined. A graph is then drawn with the
ordinates expressed as volts or milliamperes,
and the abscissae as the logarithm of the pulse
durations.
lReceived June, 1966.
Much discussion has ensued as to which
of these is more accurate (see Ritchie, 1956;
Stephens, 1956; and Wynn Parry, 1958, 1961).
"There is as yet insufficient evidence to choose
on practical clinical grounds, between the two
types of stimulator. " ." (Wynn Parry, 1961).
There is, however, evidence to show that the
constant voltage stimulator is more comfort..
able., and to suggest that it is more likely to
demonstrate minimal discontinuities in partial
denervation. The following discussion is re-
lated to the constant voltage stimulator.
The strength duration curve is a graph of
the excitability of nerve, muscle, or both. It
can he used to demonstrate or confirm (i)
normal innervation of muscle, and (ii) the
presence or progress of lower motor neurone
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disorders. It will not demonstrate myopathy,
disorders of the myoneural junction, minimal
denervation of a muscle, or central nervous
system disorders (excluding anterior horn cell
pathology) ; nor does it give information about
deeply placed muscles (Walthard, 1953), or
the deep fibres in large muscles (Wynn Parry,
1958).
THE NORMAL CURVE
As nerve is one hundred times more excit-
able than muscle, the normal curve (Fig. 1)
is a representation of the excitability of ner..
vous tissue.
It has the following characteristics:
I. It is a continuous rectangular hyperbola
(Lapicque, 1909), consisting of two parts
(Walton, 1953):
(i) That due to stimulation with pulses
below l~O millisecond, where the curve
inclines upwards.
(ii) That due to stimulation with pulses
above 1.0 millisecond, where the
curve is horizontaL
In modern day electronic apparatus, a
pulse of interrupted direct current is de..
fined as "faradic" if its duration is 1.0
millisecond or less. Pulses above this
duration are termed "galvanic." Several
workers (Adrian, 1916; Lapicque, 1926,
and Hill et al., 1936) have derived for-
mulae which define the characteristics of
the curve, but these are neither accurate,
nor of any clinical use at present.
2. Rheobase is the threshold intensity for a
pulse of infinite duration (100 milliseconds
or higher). Normal values vary consider-
ably. Harris (1961) gives a range of mean
values from 8 to 35 volts, and Richardson
and Wynn ~arry (1959) from 15 to 30
volts.
3. Chronaxie, first defined by Lapicque
(1909), is the minimal period of time for
which a stimulus must flow to produce a
threshold contraction, when using a stimu-
lus of twice the rheobasic strength. It is a
convenient single value for the excitability
of a tissue, and has been used as an iso..
lated diagnostic test (Bauwens, 1941;
Nulson and Grant, 1952; Erdman, 1954a ;
and Burke and Miller, 1963). Most
authorities would agree with Harris
(1961), who in the last line of his com-
prehensive review of "Chronaxy" stated,
".. . . chronaximetry as such should be
abandoned in favour of plotting complete
strength-duration curves." A value of less
than 0.1 millisecond is often given as being
normaL Ritchie (1954) found the normal
range to be from 0.03 to 0.08 millisecond
in 90% of cases. There is, however, a wide
range of normal values for chronaxie-
0.05 to 0.5 millisecond (Richardson and
Wynn Parry, 1959); 0.007 to 0.3 milli-
second (Harris, 1961); and 0.08 to 0.7
millisecond (Aird, 1958).
Bourguignon (1923) showed that chron-
axie values are alike for anatomically re-
lated muscles of synergistic function; that
proximal muscles (neck, trunk, shoulder
and hip) have lower chronaxies than distal
muscles and face (ratio 1 : 2.5); anterior
muscles have lower chronaxies than pos..
terior muscles in the same limb segment
(ratio 1: 5); and flexor muscles have
lower chronaxies than extensor muscles
(ratio I: 2). These results have since
been confirmed by Best and Taylor (1950),
Erdman (1954a ), and others. Harris
(1961) also confirmed these results, but
does stress that deviations are compatible
with normality. Best and Taylor (1950)
pointed out that in children under the age
of eighteen months, chronaxie is ten times
greater than the expected normal value.
These facts show the care which must be
taken if attempts are made to interpret
chronaxie values on their own.
4. Utilization time, minimal time factor, or
"temps utile" (Lapicque, 1909) is that
brief effective period following the com..
mencement of a stimulus which produces
those changes upon which excitation de-
pends. If at a fixed intensity, the duration
of a stimulus is reduced to less than the
utilization time, then no muscular con-
traction results (Koworschik, 1952). At the
rheobasic intensity, utilization time is nor-
mally ten times the value of chronaxie (i.e.
approximately 0.3 to 0.8 millisecond). In
other words the rheobasic strength will
produce excitation when using durations
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of down to 0.3 to 0.8 millisecond. Below
this value the intensity must be increased
above the rheobasic value before excitation
results.
5. Intensity..time ratio is an abbreviated
strength duration test, where the threshold
intensity at 0.1 millisecond is related to
that at 100 milliseconds (Bauwens and
Richardson, 1950). In normal muscles
the ratio is always less than 2.2 : 1 (Amick
and Hickey, 1959). If 2 : 1 is taken as
the dividing line, then 3% of normal
muscles would be considered abnormal,
and 7% of partially denervated muscles
would he considered normal (Harris,
1961). This test should not be used as a
substitute for the full strength duration
curve.
CLASSIFICATION OF NERVE LESIONS
The pathological changes in muscle and
nerve following lower motor neurone disorders
have been described by Knowlton (1949),
Wakim (1958) and others. The salient fea-
tures of the three classical types of peripheral
nerve lesion are shown in Table 1.
TABLE 1
CLASSIFICATION OF NERVE LESIONS1
Cause (mechanical)
Anatomical continuity
Essential damage
Muscle atrophy
Motor paralysis
Sensory paralysis
Sympathetic paralysis
Nerve conduction across
defect
Nerve conduction below
defect
Reaction of degenera-
tion
Absolute reaction of
degeneration
Rate of recovery
March of recovery
Quality of recovery
lAdapted from Seddon, 1965.
Neuropraxia
Single blow
Compression
Preserved
Selective demyelinization
of large fibres. No
Wallerian degeneration
Minimal
Usually complete
Usually incomplete
Usually incomplete
Absent
Present
Often mild partial re-
action of degeneration,
showing lesion to be
impure
Never
Rapid (within a few
days to weeks); usually
complete in six weeks
Invariably all muscles
recover simultaneously
Perfect
Axonotmesis
Compression
Traction
Preserved
Wallerian degeneration.
Neurolemma in conti-
nuity
Progressive
Complete
Complete
Complete
Absent
Absent
Complete or partial re-
action of degeneration
Only in muscles distant
from lesion, e.g. intrin-
sics of foot after sciatic
nerve lesion
Approximately 1-4 mID.
per day
In accordance with order
of innervation
Usually perfect
NeUTotmesis
Traction
Laceration
May be lost
Wallerian degeneration.
Complete disruption of
nerve
Progressive
Complete
Complete
Complete
Absent
Absent
Complete reaction of
degeneration always
Always, unless surgical
intervention
Approximately 1-4 mm.
per day, plus two
weeks for bridging of
suture line
In accordance with
order of innervation
Never perfect, but al~
ways better in children.
Always a 108s of
skilled movement, and
accurate sensation
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Curve of Total Denervation; Complete Re·
action of Degeneration
The curve of total denervation (Fig. 2) is
obtained ten to fourteen days after a lesion
which produces complete Wallerian degene..
ration in the nerve supply to a muscle. The
graph does not demonstrate the site of the
pathology; that is, whether it is a myelopathy
(e.g. progressive muscular atrophy), a radicu..
lopathy (e.g. following an intervertebral disc
lesion), or a neuropathy (e.g. polyneuritis or
peripheral nerve lesion). It is a graph repre..
senting the excitability of muscle, as can be
demonstrated by experimental nerve block of
a normally innervated muscle with curare
(Ochs, 1965).
of degeneration. This phenomenon is by
no means constant, and attempts at inter-
pretation of rheobasic changes per se, are
invariably fallacious.
3. The chronaxie, when it can be determined,
is about 10 millisecond, i.e. one hundred
times that for nerve (Scarff, 1958; Wynn
Parry, 1958; Dillon, 1961).
4. Utilization time at the rheobasic intensity
cannot be shown on the graph, hut is about
100 milliseconds, i.e. the curve inclines
abruptly upwards from the 100 milli·
seconds duration4
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FIGURE 2
Curve of total denervation.
I t has the following characteristics:
1. It is a continuous rectangular hyperbola
(Jantsch, 1952).
2. The rheobase falls for the first twenty-one
days following a peripheral nerve section
(Dohin and Fizzell, 1951 ; Walton, 1953),
and then remains constant for a consider..
able period of time until developing mus-
cular fibrosis causes it to rise steadily. On
only one occasion has the author had an
opportunity of demonstrating this - seven
days after a facial nerve lesion - by
comparing the rheobasic values for both
frontalis muscles. Subsequent strength
duration and electromyographic studies
substantiated that the initial finding of a
reduced rheobasic intensity in the affected
muscle was evidence of complete reaction
54 Intensity-time ratio was found by Amick
and Hickey (1959) always to he greater
than 2.5 = 1.
64 It is now substantiated that denervated
muscle may respond to faradism (Wynn
Parry, 1958); however, at the intensities
used in the strength duration test - up
to 120 volts - there is never a response
below the 1.0 millisecond duration
(Walton, 1954). The curve occupies the
"galvanic" side of the graph.
Curve of Partial Denervation; Partial Re-
action of Degeneration
Where the nluscle has some innervation, the
graph shows portions of two curves joined
together (Fig. 3). That part on the left (i.e.
at short durations) is due to stimulation of
Aust. J. Physiother., XIII, 2, June, 1967.
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the remaining nerve fibres, whilst that on the
right results from stimulation of the dener-
vated part of the muscle (Wynn Parry, 1958).
The curve is characterised by:
1. A discontinuity or "kink" in a curve
demonstrates the existence of partial
denervation, and must be present before
partial denervation can be assumed. It
marks the junction between the "nerve"
and "muscle" curves. A discontinuity may
be missed: (i) where the resistance to
current flow is excessive (to be discussed
below); (ii) where an insufficient number
of pulse durations are used (usually nine
durations are available for use); and
(iii) where there is only minimal dener-
vation or innervation. In respect to the
latter, electromyography will demonstrate
minimal changes more readily than the
strength duration test..
that of nerve. Following partial dener-
vation, intermediate values are obtained,
owing to the varying degrees of resistance
offered to the passage of the stimulus hy
the denervated part of the muscle. The
values obtained often approximate to the
values for nerve or muscle. For clinical
purposes, chronaxie values of greater than
1.0 millisecond are considered adequate
evidence of partial denervation (Bauwens
and Richardson, 1950; Erdman 1954a ;
Harris, 1961; Burke and Miller, 1963;
and Burke, 1965).
Signs of Progressive Denervation
Rheobase was discussed under complete
denervation. The chronaxie rises suddenly
from ten days after complete denervation,
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FIGURE 3
Curve of partial denervation.
Note:
1. The dotted prolongations showing identical shapes, and
relative placement of the two curves.
2. The elevated "nerve" curve - due to increased resistance to
current flow produced by the denervated part of the muscle.
3. The absence of responses at short durations.
2. The rheobase is usually within normal
limits.
3" The intensity..time ratio usually lies be-
tween 2.2: 1 and 2.5: 1 (Amick and
Hickey, 1959).
4. Chronaxie. As there are only two types
of tissue under test, there are only two real
values of chronaxie; that of muscle, and
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reaching its final value by the twenty-first day
(Harris, 1961). In slowly progressive con~
ditions it is usually found to rise steadily.
The most significant signs of progressive
denervation are: (i) progression of the curve
upwards and to the right; (ii) no response at
progressively longer durations; (iii) emer-
gence of a discontinuity (as early as four to
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five days following complete denervation-
Wynn Parry, 1961), which becomes progres w
sively more obvious.
Signs of Progressive Re-innervation
A discontinuity emerges six weeks prior to
the first signs of clinical recovery (Wynn
Parry, 1958, 1961). The actual site - which
is between the 1.0 and 30.0 millisecond dura w
tions in two-thirds of cases (Wynn Parry,
1961) - is of no clinical significance. Con-
flicting evidence has been presented as to
whether the rheobase always drops rapidly at
the commencement of re-innervation (Laro-
quette, 1920; Pollock et al", 1945; Ritchie,
1954, and Wynn Parry, 1952), so that if this
is noted, it should only be considered along
with other evidence. Similarly chronaxie
should not be considered on its own, for
although it is seen to fall, it is not uncommon
to note one or several fluctuations during the
process of re-innervation. The most significant
signs of re-innervation are: (i) progressive
migration of the curve downwards and to the
left; (ii) emergence of responses at progres...
sively shorter durations; (iii) emergence of a
discontinuity"
Assessment
The strength duration test forms one part,
and only one part of an assessment. It should
never be performed or interpreted as an iso-
lated entity. The first step in performing a
strength duration test is to make a careful
clinical examination, and consider any other
available information including history, onset,
medical assessment, and so on. From this
information a list of possible diagnoses will
be available. The purpose of the strel1gth
duration test is usually that of differential
diagnosis, i.e. to confirm a suspected diagnosis,
and to exclude other possibilities. Serial test-
ing is also used prognostically.
METHOD OF TESTING
Preparation of the Patient
Before actually performing the test, it is
essential to reduce the resistance to current
flow through the skin: (i) by washing the
part with soap and water; (ii) by warming
the part for ten to twenty minutes; and (iii) by
eliciting six to eight strong contractions in the
muscle using the 100 millisecond duration
(Bouman and Schaffer, 1957). For the same
reason the electrodes should be well moistened
in a warm solution of 2% saline. It is con-
venient to use a luminous infra-red lamp which
may be left on during the test to provide
adequate light. By producing a strong con-
traction the operator also has an opportunity
of confirming that the muscle being stimulated
is in fact the one which she has chosen to
test.
By reducing the resistance the curve IS
positioned as "low" on the graph paper as
possible. It has been said that the relative
placement of the curve is insignificant, how w
ever failure to keep the curve as low as pos-
sible may result in a minimal discontinuity
being missed, or failure to gain a response at a
short pulse duration" The presence of oedema,
fibrosis, or ischaemia can cause elevation of
the rheobase, and therefore the whole curve
(Walton, 1954; Burke and Miller, 1963).
Fatigue may cause the chronaxie to be doubled
(Harris, 1961). If any of these factors are
present, then it is wise to defer the test, or to
take particular care in interpreting the results"
Quality of Response and Placement
of Electrodes
In the unipolar technique of stimulation, a
small active electrode is placed on the muscle
to be tested, and a large dispersive electrode
in the midline of the body as close as possible
to the active electrode. Varying the distance
between the electrodes can cause the chronaxie
to rise by up to 100% (Erdman, 1954b ), due
to an alteration of the resistance in the
patient's circuit. The same sized electrodes
should be positioned in the same place for
serial testing"
At the commencement of the test, which
consists of determining the threshold inten-
sity at the 100 milliseconds duration, the
active electrode is moved about until the lowest
possible threshold intensity is obtained. The
electrode is then maintained in this position
throughout the remainder of the test" If the
muscle is normally innervated, this position is
the motor point. The test is invalidated if
there is movement of the active electrode, or
Aust. J. Physiother., XIII, 2, June, 1967.
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% of
Gradel Definition Functioning
Motoneurones
0 No contraction 0-2
1 Flicker or trace of con-
traction 2~3
2 Active movement, with
gravity eliminated 3-5
3 Active movement against
gravity 5-10
4 Active movement against
gravity and resistance 10-20
4+ 20-40
5 Normal strength Over 40
TABLE 2
Selection of Muscles
Three points should be stressed here:
(i) A muscle may appear clinically normal
yet show obvious electrodiagnostic signs of
partial denervation. This can be appreciated
from the studies of Sharrard (1955) on the
relationship between clinical strength and the
proportion of intact motoneurones innervating
poliomyelitic muscles (Table 2). From Table
2 it can be seen that a muscle capable of over-
coming manual resistance may only have 10%
of its motoneurones intact, and that it is not
sufficient to assume normal innervation just on
the basis of the muscle being clinically normaL
faradism as far proximally as possible, e..g.
brachial plexus in the supraclavicular fossa ..
By noting the muscles which do or do not
respond, and a simple exercise in anatomy,
the site of the pathology may be determined.
It may also be possible to show that the lesion
is a neuropraxia, by demonstrating normal
conductivity in the nerve below the site of
pathology (see Table 1). As well as the above,
nerve conduction studies are useful in demon..
strating anomalous innervation, and in selec-
tion of muscles to he tested by the strength
duration method ..
RELATIONSHIP BETWEEN PERCENTAGE OF
FUNCTIONING MOTONEURONES AND
CLINICAL STRENGTH
Nerve Conduction
It should he policy to attempt to test the
ability of nerve to conduct an impulse through- IMuscle grades as defined in the British Medical Research
out its length. The nerve is stimulated with Council War Memorandum No. 7 ~ 1943.
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alteration in its pressure at any time during
the performance of the test. The position of
the active electrode is of prime importance.
Bourguignon (1923) found that displacement
of the active electrode two to three centimetres
from the motor point can increase the rheo-
base by up to 25%, and the chronaxie by up
to 500%. Obviously displacement is more
important in small muscles.
The lowest possible rheobase is obtained
following total denervation when the stimulus
passes through the whole muscle parallel to
the muscle fibres, i.e. with the active electrode
at one end of the muscle belly. This pheno-
menon, known as the longitudinal reaction, is
due to the fact that "the rheobase varies
inversely as the cosine of the angle between
current and fibre direction" (Evans, 1956).
Leakage of the stimulus with excitation of
surrounding muscles can be obviated by using
a bipolar method of stimulation, where two
small active electrodes are placed on the
lTIuscle to be tested; one at each end of the
muscle belly. In normal muscle, the optimal
angle for nerve stimulation is with the elec..
trode over the motor point.
In determining rheobase, the nature of the
contraction should always be noted. Erb
(1883) first described the typical response of
totally denervated muscle: "With an increase
in irritability, there is a progressive change in
the mode of contraction, from a twitch to slow,
to a long drawn contraction, which passes
into continuous tetanus lasting during the
duration of current with relatively feeble cur..
rents". Electromyographic studies show this
slow sluggish response to be a massive asyn-
chronous activity of isolated muscle fibres
(Doupe et at., 1943). This response has been
considered pathagnomonic of total denerva-
tion. A sluggish response may be obtained in
normal muscles if the part is cold, or if there
is oedema or fatigue. It may also he seen
where there are obvious signs of re-innerva-
tion (Wynn Parry, 1961), and in patients
with myxoedema (Walton, 1954).
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(ii) In many instances neuropraxia is im·
pure (i.e. a normal curve is not often obtained)
(Wynn Parry, 1958; Seddon, 1965). Often
the curve shows minimal denervation. Fig. 4
is an example of this. The curve was obtained
from brachioradialis in a patient who had
paralysis of the radial nerve innervated
muscles from brachioradialis distally.. Spon-
taneous and simultaneous recovery in all
paralysed muscles demonstrated that this
patient had sustained a neuropraxia of the
radial nerve.
Volts
0.01 0.03 0.1 0.3
cise in anatomy. On two occasions the
author has been confronted with the prob-
lem of demonstrating the integrity of the
brachial plexus. This may be done by
choosing muscles which represent the
roots, cords, and major limb nerves. It is
wise to choose muscles which have a clear~
cut segmental innervation involving one or
t~TO roots, viz.. , deltoid C5; biceps C5, 6;
coracobrachialis C7; and abductor digiti
minimi C8, TIl
Volts
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10 }O 100 K1llisecond
Rheobase'" 6 volts; chronaxie = 0 .. 23 millitiecond. Note the discontinuity between
the 0.3 and the 3.0 llIillifH!cond durations.
FIGURE 4
Curve showing mild partial reaction of degeneration, obtained
from a patient with neuropraxia of the radial nerve.
(iii) In unilateral lesions, a corresponding
muscle should be tested on the normal side..
This demonstrates the accuracy of the appa..
ratus, and of the operator!
Factors which Influence Selection 01 Muscles
to be Tested
1" The main factor is a consideration of the
suspected diagnosis and of other conditions
with which it may he confused.
2. In serial tests, performed with the aim of
demonstrating re~innervation, the most
proximal muscle below the site of the
lesion should be tested.
3. Where possible, muscles are selected which
can he tested easily.
4. Muscles are selected which may possibly
demonstrate the site of the lesion. This
involves a simple, or not so simple, exer-
The following example of demonstrating an
ulnar nerve lesion may be of value.
(i) Test abductor digiti minimi: If this
is abnormal, then there is a possibility
of:
ulnar nerve lesion at any site down
to the level of the wrist;
medial cord lesion;
Klumke's paralysis (C8, Tl).
(ii) Test abductor pollicis brevis: Nor~
mality in this muscle excludes the
possibility of a Klumke's or medial
cord palsy.
(iii) Test flexor carpi ulnaris: Normality
incriminates the ulnar nerve between
the elbow and the division of the ulnar
nerve into its superficial and deep
branches. If flexor carpi ulnaris is
found to he abnormal then the lesion
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will probably he in the ulnar sulcus
posterior to the medial humeral epi-
condyle.
As there is no other muscle innervated by
the ulnar nerve proximal to the elbow, it is
impossible to prove electrodiagnostically that
the lesion is in the ulnar sulcus. Such a line of
thought, as demonstrated above, is not neces-
sarily accurate if it is remembered that there
may he an incomplete lesion, e.g., a partial
Klumke's paralysis with sparing of the ab-
ductor pollicis brevis. A negative finding
obtained from muscles tested for the purpose
of differential diagnosis may not always he
significant; a positive finding is obviously
significant.
The complexities of selection and interpreta-
tion found even in the simple example given
above are not as great as they appear, for one
would always consider the clinical assessment.
If an ulnar nerve lesion at the elbow was
suspected, examination would have included
questioning the patient about any past injuries
of the elbow; examination for cubitus valgus;
testing sensitivity to compressing or tapping
the nerve in the ulnar sulcus; and palpation
for thickening and mobility of the nerve at
this site.
SUMMARY
The characteristics of the curves of normal
innervation, partial denervation, and complete
denervation are described. The normal varia..
tions in values, and the influence of certain
aspects of technique on the strength duration
curves are included, for without an appreciaM
tion of these factors it is likely that the curves
will be interpreted inaccurately..
In the author's opinion, strength duration
testing is not used as often as it could be,
which may be due to a lack of appreciation of
its possible uses or of its proven accuracy.
Even more unfortunate is its abuse by those
who attempt to perform and/or interpret the
test without adequate care or knowledge.. It
is imperative that the utmost care be taken,
in contradistinction to the classical galvanic-
faradic test where the better the operator, the
worse the results. This is certainly not the
case with strength duration testing.
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